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ABSTRACT

"F he reliablillt of the structure can be calculated by combining the

non-uniform stress distribution of a structure from finite element analysis

with the statistical strength theory under two dimensional non-

homogeneous, uniaxial stress limitations. The specimen models with and .

without notch are the sample structures to illustrate the calculations. The

- statistical strength of the structure is cast in the standard Weibull form

characterized by the structural scale parameter,- "E and shape parameter,

which are functions of the material scale and shape parameters (& and

Therefore, this thesis demonstrated that the scale parameter of the

structure remains constant for different load magnitude, only the

structural geometry and loading condition cause the change of material

scale parameter, ] to the structural scale parameter, The results also

shows that the degree of uniformity of stress within structural element

and the linearity of the load magnitude and stress distribution within the

structure affect the accuracy for the calculation.
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1. INTROQUCTION

A. RELIABILITY REQUIREMENT FOR COMPOSITE STRUCTURES

Reliability theory became an independent scientific discipline at the

beginning of the 1950's under the influence of the rapid development of

radio electronics, computer, devices, and rocketry. Modern radio electronic

apparatus and digital mechanics consist of a very large quantity of

components. If the failure of one component leads to the failure of the

unit as whole, then evidently the possibility of high reliability (freedom

from failures) will diminish rapidly as the unit becomes more complex. In

this connection, problems arise on the prediction of the reliability orf,

planned units, on the development of. measures to increase the reliability,

on a fundamental f or reliability testing methods, etc. All these questions

are the subject of reliability theory.
The mechanical strength and stiffness of a structure are one of the

aspects of reliability. The engineering design concept is not only solving

the stresses and strains which originate in structures under various

external imposed conditions but also trying to make them to be operated
suf ficiently reliably throughout their establ ished utilization time.

Therefore, in the concluding stages of an engineering design structural -

mechanics inevitably comes. into resolution with reliability theory. For

critical application of composite as an aircraft structure, the study of

reliability in composite structures is required.

14



B.HISTORICAL BACKGROL~iU

Bullock [ Ref. I1I used Weibull theory to predict the strength of the

composite materials between different laboratory sample configurations.

He investigated the strength ratios of composite materials in flexure and in

tensiort He assumed the shape parameter (the exponent characterize

flaw-density that determines the scatter of strength of the material) was

not changed when the geometry or size of the material was changed. He

used the same shape parameter for the tensile test and flexure test which

based on homogeneous state of stress and heterogeneous state of stress

respectively. He found, however, based on the experimental results, the F

hypothesis that the shape parameter was constant was not realistic.

Changes in shape parameter were in fact observed. Whitney and Knight, Mi

Ref. 2 1 used a statistical strength theory based on Weibull distribution to

explain the difference between unidirectional tensile data generated from a

f lexure test and a standard tensile coupon. The result was shown a

signif icantly larger variation in tensile strength versus fliexural strength.

Rosen [ Ref. 3 1 presented a theoretical and experimental treatment of

the failure of composites, consisting of a matrix stiffened by uniaxiafly

oriented fibers, when subjected to a uniaxial tensile load parallel to the

fiber direction. He observed that a portion of the fiber at each end was not K
fully effective in resisting the applied load because of the axial load was

transmitted by shear through the matrix to adjacent fibers. Basically, the

fibers failed as a result of a statistically distributed flaws or

imperfections and composites failed as a result of a statistical

accumulation of such flaws over a given region. Therefore, the ineffective

15 
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length of the f iber was introduced in order to consider the composite to be

composed of a series of layers of this length. Then the segment of a f iber

within a layer might be considered as a link In the chain that contribute the-

* fiber. Each layer was then a bundle of such links, and the composite as

whole can be modeled by series of such bundles. Weibull theory was used

to define a statistical distribution of flaw or imperfections that result in

fiber failure under applied stress. The statistical accumulation of such

flaws within a composite material was demonstrated to be cause of

composites failure. He concluded that the stress concentrations occurred

in fiber adjacent to the fibers break were considered only to balance the

effect of the variation of ineffective length which affect to the composite

strength. K~night, C.E. [ Ref. 41 used a f inite element stress analysis and

statistical strength theory to assess the influence of the stress ;:

concentration on the ultimate strength calculation for composites from

the Split-D Test. He observed that the geometry changed causes the

nonlinearity and the boundary condition would be changed.

The Probabilistic Statistic Failure of Composite Materials [ Ref. 5

demonstrated how to develop a theory that combined the statistics or

composite material failure with the orthotropic nature of composite

materials. The effects of loading history and the probabilistic location of

the failure for a composite can be accounted using this theory. In order to

improve the efficiency of composite designs for structural analysis, a

* theory that combining the statistics of the experimental failure data with

an orthotropic material failure response was developed. The analytical pp..

theory developed extent deterministic failure laws to include the

16



statistical scatter observed experimentally. Tsai and Wu [ Ref. 6 ] are one

of the investigators who described a general theory for the failure of

composite materials as the strength tensor theory but determining is

complicated by wide range in failure properties of composite materials and

scatter in experimental results. The Weibull weakest link theory was

developed and described a description of the spatial distribution of the

failure locations with a sample calculation performed for the case of a

uniformly loaded tensile specimen. Three point bending specimens were

used to predict failure location by applying the basic weakest link theory.

Four point bending specimens were used to illustrate the effect of loading

history which were evaluated by applying numerical integration to the

probability of failure density distribution curves. The compressive failure

load was demonstrated that it is not deterministic failure and also having

some scatter which is independent of tensile scatter so that the Weibull

failure distribution for tension and compression are different.

In ordinary structures having many stress components active, a

decision on the probability for survival must be based on statistical

descriptions that admit multiaxial stress. The development of combining

weakest link theory with the strength tensor representation is required.

C. OBJECTIVE AND SCOPE

The driving motivation for this research is that many critical

components of modern aircraft structure are made of composite materials.

However, the reliability design is necessary for engineering designs

requires not only the stress analysis but also statistical theory of failure

17
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strength of composites, The latter motivated the investigation of

statistical theory for composites failure strength where are summarized in

the last section. Any aircraft structural components inevitability have the

non-uniform stress in the neighborhood of edge-notches and holes. Size

effect is the one that is importance for the composite study because of the

difficulty and the economy that one could not experiment the several large

samples to predict the reliability of the components. Even the

experimental test samples can be made, the difficulty to identify the

failure location is also impossible. Finite element method and the

statistical theory can be combined to explore the possibility of prediction

both the reliability of the structure and the failure location. Basically,

finite element method can be used to calculate the stress distribution that

occurs in the structure under an arbitrary loading boundary condition. The

structure is divided into elements be sufficiently small that the stress is

uniform. This solution of physically continuous system can then be

replaced by the solution of the discrete system of the elements. The

statistic Weibull theory can be used to model composite materials

composing of a series of bundles which are in turn composited series of

fiber links. Another assumption for the statistical Weibull theory is the

local stress in each link must be uniform. For the connection to the two

dimensional finite element method, instead of using link, the element will

be introduced. For one dimensional case, the link can be used but in two

dimensional case, the element has a width. The operation of size effect

formulation based on Weibull theory and finite element method will be

presented in next chapter.

18
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The scope of this research limits to the treatment of statistical

strength of composite structures which are two dimensional, subjected to

nortomogeneous unlaxial stress including size effect. The specimen

models are plate with and without notch subjected to the tensile

displacement loading case. The finite element code name NIKE2D [ Ref. 7 ]

is used. NIKE2D is a two dimensional finite element program which is

developed by Hallquist, J.O. [ Ref. 7 1. It can be used to calculate linear and

non-linear finite element problems. In this thesis, only the linear portion

is utilized. MAZE [ REf. 8 1 computer program is used to generate specimen

model, grid, define boundary conditions, and also create the input file that

can be immediately use for NIKE2D program. ORION [Ref. 91 is the post

processing of NIKE2D which can be used to create contour curves or stress,

displacement, etc. The observation of uniform stress in each element will

be made. The observation of using half of the entire model by symmetrical

will be made, which bases on the idea that the model can be divided into

smaller elements. when compare to the entire model. The linear

relationship between external loads and the local stress in each element

will be verified. The plate without notch is used as bench mark to compare

the reliability results to the plate with notch. The specimen model

dimension bases on specimen dimension which using in the shear test

experiment. The shear model that involves with the multiaxial stress

which can not yet be treated in this thesis. Future work requires

generalization of current results to multiaxial stress. When such extension

is made, realistic prediction of composite structures will then be possible.

19



II. STATISTICAL MODEL OPERATION

A. REVIEW OF WEIBULL WEAKEST LINK FAILURE THEORY

consider an infinitesimal volume element 8V at point x and subjected

to stress state oiij. The probability of failure Bf of volume element 6V

is assumed to be given by:

f =T ,[a [x] BV (2.1)

where: 1 failure parameter which is a function of cij which is a

function of position, x.

It is assumed there are only two possible states for the volume

element, 6V , either the volume element survives the loads or fails. From

this assumption the probability for survival or reliability is simply:

8R = 1- 8f = 1- C, cij[x)]SV (2.2)

The basic assumption in weakest link theory is: If any volume, 8V, in

the total structure volume, V , fails, then the entire structure occupying

volume V fails.

Consider the structural volume, V, to be divided into N volume

elements 8Vk , with each of the volume elements located at point xk

Then the total volume is given by:

V = lim Z SVk = Jv dV; k 1, 2... N (2.3)

where: N oo

20



The probability for the volume V to survive, R , under weakest link

theory, is given bt:

R =lim T1 SR = lim TI I fl ci xklISVkJ (2.4)9..

where: k =1, 2... N, and

Equation 2.4 can be equivalently written as:

In R lrn Z In( I -P flij xkISVk} (2.5)

where: k 1, 2... N and

I The quantity +I.&Vk is small and from the Taylor series expansion

in(0 x) x for x <<1

Equation 2.5 becomes:

or Rexp i(fV 11 cij 1xkl IdV) 2.7)

where: k 1, 2. ...N, and

Nec

*Equation 2.7 is the basic equation derived under the assumption or

weakest link theory. Note that the stress distribution need not to be

uniform; the material can be generally anisotropic and the material can be

non-homogeneous. The equation is limited in that it describes only the

reliability of the entire structure and provides only a quantitative

6 description of where the structure will fail. The reliability becomes:

21
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where: = shape parameter, and

= scale parameter

N In the next section, basic theory will be used to obtain the

formulation of size-effect for one dimensional, non-homogeneous,

uniaxial stress.

B. SIZE-EFFECT FOR NON-HOMOGENEOUS STRESS, ONE DIMENSIONAL, L%

UNIAXIAL STRESS

The value of (xLI and 8LI are estimated by the experimental

procedure from the given n numbers of sample length Li. For a sample

length L , the evaluation of OcL and ,L can be implemented according to

the following procedure.

There are j links in length L (Figure 2.1-a) each links are not

necessarily of equal length, but the stress in each link is homogeneous,ie

the stress fxp within the pth link satisfies the following condition:

xcxP - (fp xaxdx}/Ip E E ( 2.8)

where: E can be any arbitrarily small value

p length of pth link

p 1, 2... j

The reliability for each link is:

Rp(c/xP) I - f(axP) exp -(1/ p)°p (2.9)

22
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Figure 2.1 (a) One Dimensional Links Configuration
(b) Two Dimensional Specimen Configuration
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There are (Ip/I) unit links within Ip, the reliability of each unit link

within Ip is:

RP(OlxP) exp -(oxP/)( 2.10 )

where: (x and P for unit link are material constants

The reliability for each link Ip is:

Rp(OyxP) T1 (exp -(axP/1)cclm ; m 1, 2 (./. )

exp H-( /I0 .PIP)=1 I

where: ( /) is the number of unit link in I

The reliability for then entire length L is:

RL = R ((1 ) R2(1r2 ) R3 (" 3 ) R4 ( 4 ).•. Rj(ij)

- exp [-(lI/1)(d 1/$)9' exp -(I2/1)(d 2/ ).. . exp {-(I/1)(c j/) ",

" exp -(0I/1)(O i/$)K + (2/1)(0 2/ )x +.. + ( /1)(o j

:. RL  =exp -E [(Ip/1)(of xP/0)°<] }p =1, 2•.•. 2.11),..

Under uniform stress condition within an element, let cp is the

element stress which is constant within I length element and 0 is

calculable from a given boundary condition (B.C.) characterizable by (P),

(eg, a load vector). The stress due to the same B.C. with a different

magnitude P is:

C[P1 =0 [(P) (P/{P)) ( 2.12 )

where: P can be of any arbitrary magnitude in linear system, or

P is of neighboring magnitude of local linear system.

24
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ap[{P}| is expressible from structural mechanics calculations,

(eg, a finite element method.)

In order to reduce the value of C P which is a function of P in : :"

equation 2.11 to a single random variable (P) , the substitution of cixP[PJ

by dxP[{P)] is made within the same manner as the expression in equation

2.12. Thus, the equation 2.11 becomes:

RL = exp -{ z [(Ip/1)(" xP[(P}J/(P})°(P/)0 } ; p 1, 2 ... j

Expressing the above equation into the Standard Weibull form:

RL exp -1 (P/DL)L }"

Then: it ex

S= $/ ( [(I)(@ xP[(PII/(P})x 1 ) /o ; p = 1, 2 ... j

Let: F Z (- [(1p/1) V (xP[(P}/(P))1 1- / ' ; p 1, 2 ... j

Thus: DL $F

That is, given a structure of length L subjected to boundary condition

parameter (P) ( which may be of a single or multiple load PI P2,

vectors characterizable by a single parameter (P) which give rise to a

unidirectional stress cp computable from the methods of mechanics ( eg,

finite element analysis ). Ip are element lengths which are segmented as

small as necessary to assume the stress to be uniform. Upon sampling n

structures measuring Pn failure loads.

25



eL, BL are shape and scale parameters (in dimension of load

estimated from D(Pn) and structural size L.

ot , , are shape and scale parameters (in dimension of stress which

are geometric independent material parameters).

F is a conversion factor calculable for structural (finite element )

analysis.

For special case, homogeneous, one dimensional uniaxial stress:

From: F = {Z [0I/i) 1/0 (aop[(p{p)/(P))Io 1 ; p , 2. j

For aYP=-- and (P}Pn:

F =[(/Pn)(Z 0p/) 1/} 1-1/) ; p 1, 2 ... j

(/Pn) {£(p/)/ }]- 1 , 2 ...j i'.

=(aI/Pn)'I (LA) I1/0(

Thus:

RL exp -( [(P/,l)/(a/Pn)-I /(L/l)-!/= - 1/ I

: exp -{ (L/1) [ (a/f)(P/Pn) 1}9

This recovers the well known classical result demonstrates the

consistency of the current formulation is true.

For each given non-homogeneous boundary condition, a corresponding

correction factor F can be calculated by finite element such that the size

effect can be predicted. By weakest link in length X ; it is inferred that

the plane of facture is perpendicular to X. That means the failure plane
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has no thickness. Since the one dimension specimen has no width, fracture

width is not a parameter.

C. SIZE-EFFECT FOR NON-HOMOGENEOUS STRESS, TWO DIMENSIONAL,
UNIAXIAL STRESS

This is the extension of one dimensional, uniaxial stress to two

dimensional uniaxial stress. The definition that uniaxial stress implies

failure has zero dimension in X direction is adopted for one dimensional,

uniaxial stress, which has been described in the previous section. For two

dimensional, uniaxial stress, failure automatically requires definition of

the failure plane because the specimen has dimension in Y direction

(Figure 2.1-b), and it is no longer conceptually a point as in the one

dimensional case. In the similarly procedure as in one dimensional case,

the specimen is divided into sufficiently small areas within which the

stress in direction of force is assumed to be uniform. It is seen that not

only the length of the specimen is divided into small element lengths but

also the width must be divided into small element widths in order to

provide element areas which are satisfies uniform stress assumption. Thus:

xaxP - Ip" X0 x/p E for all I

where: p = 1, 2 ... j
Yx- w dwqi' dywq < y for all wq

where: q =l, 2 . .. k

Weakest link in X direction is defined by Eq. 2.8 and unit length in X

direction is defined by Eq. 2.9.
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Weakest link in Y direction is:

Rq[0Pq = exp -{axPq/,pq}'pq,

where: oxPq is stress in the qth element, and q I, 2... k

This means that if any one of the qth fail, all elements fail. However,

the unit (metric) width can not be arbitrarily defined. It is visualized that

within each metric area, there is one domineering crack (largest crack

perpendicular to 0x). When subjected to xPq, the domineering crack

extends without bound. From fracture mechanics:
kc  -a

where: kc is a material constant and can be independently measured.

ac is weakest link in Y direction, which can be used as the unit

metric width.

Thus: aPq = (kc/cxP) 2  for element pqth

As well as the division of length element Ip into unit length, the

division of width element is necessary. In stead of unit length I , acPq is

used in order to indicate the critical width in each element. thus, the

reliability of entire element is:

Rpq[aPq] = exp -{ (Ipq/1)(w p/aPq)( / }

= exp -{ (Ipq/1)[w pql(kcloxPq)2](fxPql° }

exp-( (Ipq/1)(w pqk 2 )(ar1Pq) 2 / .,'
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where: pq 1, 2 ... jk ( subscript is changed from two dimensional

arrag into one dimensional array.)

The reliability or entire specimen (which Is the structure) is:

RE= Rl R2 R3 ... Rjk

= exp -( X (Ipq/1)(w pq/K 2)(C1xPq) 2 *o/ ° }, pq = 1, 2... jk

From the linear relationship between external load and local stresses:

oPq[p] = cr Pq[(p)] (P/{P))

where: ax pq[{p) is element stress which is calculated under certain

loading boundary condition while the magnitude of load is {P}.

yxPq[P] is element stress which subjected to the same

boundary condition as above but different in magnitude, the magnitude is P.

Thus: RE = exp -{ £ (Ippq1) q/kc 2)((P/{P) [] / )

where: pq = 1, 2... jk

Express it in term of the Standard Weibull for the structure, thus:

RE = exp-{ (P/E)E ( 2.13 )

where: OEoc + 2 :Z

= {p)$(o(/o(4 2 ) Z Z (Ipq/1)(w pq/kc 2 )(,r Pq[P)o+2 (-I/(oc*2))

where: pq 1, 2... jk (2.14)

The values of ix and fl of material are altered by the boundary condition

and the geometry of the specimen (or structure) changed but they do not

depend on the changed of the magnitude of the load. Therefore, the shape

parameter, oc and the scale parameter, fl can be solved for any given
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structural geometry and boundary condition. The finite element method can

be used to calculate the stress distribution of the specimen by dividing the

specimen into small elements within which the stress element Is uniform.. *"

For the simple limiting 2-D case, the specimen without notch, the

stress distribution for entire specimen is uniform. Thus:

Cypq Cy constant

OE ((P)/ac (oO*2 /c) c [pq pqi(lo )

-(P) k (2/o(E) O(oi/qi)/, A(1/0( E)

where: A =Ellqw Iq pq :1, 2... jk

Thus: RE exp -((A/kc 2) (p1(p)) (x, 0x9 )09E C2.15 )
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Ill. APPROACH TO THE PROBLEM

A. SPECIMEN MODEL CONFIGURATION AND COORDINATE SYSTEM

The specimen model has 1.99 * in length and 0.968" in width is align

in the y-z plane, (cartesian right hand coordinate system is used). The

configuration and the coordinate of the specimen without notched and the

plate with 90 degree notch configuration are shown in Figure 3.1. The

fiber direction which makes the orthotropic material having large elastic

modulus ( Ell ) is considered to be along the y-axis (Figure 3.2).

B. FINITE ELEMENT PROCEDURE

1. Material Constants

The finite element program requires defining the material

constants [ Ref. 7 1 for orthotropic elastic to be used in stiffness matrix

calculation. The material constants of typical graphite epoxy composite

which used in this thesis are:

Ell= 18.65 Msi (Mega Pound per square inch)

E2 2  1.21 Msi

E33 1.21 Ms i

021 0.0339

031 =  0.0339

u32 0.4
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B-A.

AA

A. 1.93 B. 0.968"

Figure 3.1 Dimension of Specimen Models without Notch and with
Notch
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G12 = 0.84 MSi
2. Boundaru Conditions

The specimen model is subjected to the displacement boundary

condition (B.C.) in order to be able to use the entire specimen model In the

calculation. An original problem the specimen model is subjected to the

displacement B.C. value ul (Figure 3.3) on the right hand side in the

positive -direction and the left hand side is subjected to the displacement

B.C. value u1 in opposite direction. In order to fix the specimen model

from rigid body displacement, the left side of the model must be constraint

in the direction of load. Therefore, the displacement value on the right

side of the model becomes two time of u1 . The transform of the

displacement B.C. is shown in Figure 3.4.

3. Data Plannig and Purposes

NIKE2D is two dimensional axis symmetry finite element code

that the thickness is assumed to be infinite. The plane strain analysis is

used by assuming no displacement along x-axis and no rotation around y and

z axis, which it is satisfy for this purpose. There are eight finite element

program data output to be discussed in this thesis:

3.1 Specimen model without notch subjected to the
, displacement B.C. value 0.01"

3.2 Same specimen as 3.1 but the displacement B.C. value is
0.001". The purpose of these two cases is to demonstrate that there is no

"* stress concentration along displacement direction and the linear
relationship between displacement and local stress.
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Figure 3.3 Displacement Boundary Condition
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Figure 3.4 Transformation of Dlsplacement Boundary Condition
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3.3 Spec.imni modeli with notch.~ subjected to the displacement
B.C. value 0.01' and the stress calculation bases on four-point integration

(Ref. 7 ) in order to observe the uniform stress in each element.

3.4 The same as 3.3 but the calculation bases on one-point
integration at the centroid of each element.

3.5 Half of the specimen model with notch subjected to the
displacement B.C. value 0.01" and four-point integration is used. This case
will be used to compare with the entire specimen model in order to insure
that the half specimen can be used because of the symmetrical
conf iguration.

3.6 Same as 3.5, but one-point integration is used.

3.7 Same as 3.6, but the displacement B.C. value is 0.004.

3.8 Same as 3.6, but the displacement B.C. value is 0.001.

One-point integration results will be used to be input data for

statistical program.

C. STATISTICAL PROCEDURE

After obtaining the results from the finite element program,

four-point integration results have to be considered to insure that the

tensile stress in each element is uniform or almost uniform. If they are

not uniform, the size of the element need to be reduced. However, due to

computer memory limitation, absolute uniform stress may not be

attainable. One should realize that what spatial domain that the element

size should be reduced and what area the element need not be changed. The

4symmetrical of the model can be considered to be used only halt of the

entire model in order to increase the number of elements.
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The statistical size effect in two dimensional, non-homogeneous,

uniaxial stress program in fortran 77 is written to be used to calculate the

reliability of the specimen models bg using the finite element results and

shape parameter, o and scale parameter, $ from several numbers of certain

sample size. There is one program including: 1) the specimen model

without notch, 2) the entire specimen model with notch, and 3) the half

(top side) specimen model with notch. -.-

This program is presented in Appendix A. There are 12 output data

files which are shown in Table 4.3.
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IV. DISCUSSION AND CONCLUSION

A. EXAMINATION FOR UNIFORMITY OF UNIFORM STRESS WITHIN
ELEMENT p

The four-point integration are obtained in entire and half specimen

models subjected to the displacement boundary condition (B.C.) value 0.01.

For the full specimen model, the element number 544 (shade in Figure 4.1)

is considered, the tensile stress values can be read in figure 4.2 ,where the

stresses of this element are tabulated under rows 2173, 2174, 2175, and

2176 (relatable to the element by dividing the last number by 4 recovering

544) and the tensile stresses are 0.03663 Msi, 0.03738 Msi, 0.01933 lMsi,

and 0.01851 Msi (Figure 4.2) respectively, which demonstrated that the

stress within element is not exactly uniform but the differences are small.

The element number of the half specimen model at the same position as

element number 544 of the full specimen is 442 (shade in Figure 4.3) and

the tensile stress can be read in Figure 4.4, where the row numbers are

1765, 1766, 1767, and 1768 and the tensile stresses are 0.03667 Msi,

0.03742 rlsi, 0.01937 Msi, and 0.01861 Msi respectively, again they are not

exactly uniform but the differences are small. The element number 192 in

Figure 4.5 (full specimen model) is outside the notch region, the tensile

stress values can be read in Figure 4.6, where the row numbers are 765,

766, 767, and 768 and the tensile stresses are 0.06891 Msi, 0.06888 Msi,

0.06852 Msi, and 0.06855 Msi respectively , which shown that the stress

within element is not uniform but the differences are more uniform than
element in the notch region. The element number of the half specimen
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• 'model at the same position as element number 192 of the full specimen is

230 (Figure 4.7) and the tensile stress can be read in Figure 4.8, where

the row numbers are 917, 918, 919, and 920 and the tensile stresses are

0.06906 Msi, 0.06905 Ilsi, 0.06871 isi, and 0.06872 Ilsi, while they are not

exactly uniform but the differences are also smaller than the element in the

notch region. In principle the stress in each element may approach

uniformity by decreasing the size of the element. This will increase the

number of the elements and is limited onlg bg the computer memorg and

computation time. The observation of sgmmetrical model is obvious from

the stress values of full specimen model and half specimen model.

B. OBSERVATION OF LINEAR RELATIONSHIP BETWEEN EXTERNAL LOAD

AND LOCAL TENSILE STRESS

The tensile stress of the element number 460 (Figure 4.3) of half

specimen model which subjected to the displacement B.C. value 0.001 is

0.002475 MIsi (Figure 4.9) and the tensile stress of the same element

which subjected to the displacement B.C. value 0.004 is 0.0112 Msi (Figure

4.10). The ratio of tensile stress is almost the same as the ratio of

displacement, the different value bases on the non-uniform of the stress

around the notch region and can be accepted. When the element number 230

(Figure 4.7) of the same model, which is far from the notched region the

ratio of the stresses (Figure 4.11, displacement B.C. value 0.001 and

Figure 4.12, displacement B.C. value 0.004) and the ratio of the

displacement are almost the same and the difference is small compare to

the different value for the element in the notch region. Therefore, the

linear relationship between external load and local stress can be accepted

40

".. " .Ii....



whether the element is in notch region or not. Since the element is small

enough to be satisfy the uniform stress within element, then the uniformitg

and the linearity can be attained.

C. STATISTICAL SIZE EFFECT RESULTS DISCUSSION

Equation 2.13 and 2.14, calculated the reliability of the specimen

model based on statistical size effect in two dimensional, non-

homogeneous, uniaxial stress. For application in these equation, the

displacement boundarg condition need to be converted to the average stress

,. along the boundary. The definition of the average stress in two dimension

is:

{P {2[pq x~q 1{-Wpq)

where pq (element number) 186, 187, 188, 189, 190, 200, 205, 210,

215, 220, 225, and 230 for half specimen model (Figure 4.7), and

pq : 163, 164, 165, 166, 167, 168, 171, 174, 177, 180, 183, 186,

189, 192, 465, 468, 471, 474, 477, 480, 483, and 486 for entire specimen

(Figure 4.5 and Figure 4.13).

The values of stress in each element are shown in Table 4.1 and Table

4.2 respectively.

The statistical strength of a structure is characterized by the scale

parameter flE in equation 2.13 ( same as BETAA in computer program,

Appendix A). A change of the ,E value is therefore related to the strength

change of the structure. The values of ,$E (equation 2.14) for plate with

notch, where the values of o, f, and kc are 10, 0.1 Msi, and 0.001
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0.001 respectively are shown in Table 4. 3-A. Table 4. 3-A also shows

that the variation of the values of PEwhich are calculated from different

4.. values of external load (PBAR) from different values of displacement

boundary condition (u'). The values of OEwhich calculated from half

specimen model seem to be higher than OE value from the full specimen

model. The reason is that the number of elements for full specimen is less

than the number of elements for half specimen model, therefore, the

accuracy for full specimen model could be lower than that for half

specimen model. For the purpose of reliability calculation for the

* structure, one can average the OEvalues from one set Of finite element

data output from different values of load under the same boundary

* conldition, thereforejfor instance the average value of OE is approximately

0.030. Table 4. 3-B shows the values of OE where the values of cK, and kc

are changed to 20, and 0.0001 respectively. The PEvalues are reduced but

the difference of the average OE values is not large, because of the

compensation of higher c and lower kc values. This means that the

changes of (x and kc values do not af fect much to the DEvalue but oc af fects
ch

the reliability of the structure (equation 2.13). All the reliability

calculation results for different values of $11 where the specimen models

are operated in the same loading range are shown in Appendix B.
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In the case of plate without notch that shown in Table 4. 3-C and

Table 4. 3-D, the values of PE from different values of displacement

boundary condition are exactly the same. The reason is that the uniformity

and the linearity affect the accuracy of the calculations. The value of PE

from the plate without notch (0.0439) is higher than from the plate with

notch (0.028) under the same boundary condition (u' 0.01), which is a

reasonable result.

In addition, the results show that the material scale parameter, $is

converted to E by the geometry of the structure and the loading boundary

condition, but it does not depend on magnitude of the load. The results of

the specimen model without notch confirmed that the uniform stress''

assumption is valid and known result can be recovered. Between results of

notched specimen model we showed that h remains constant for different

load magnitude because the uniformity and the linearity conditions are

attained. As expected we confirmed the notched model is less reliability

than the plain model under the same loading condition. Given available

experimental data of a composite material, we can evaluate the scale

parameter ,0 and shape parameter o(. Using these results we demonstrated

that the procedure of analyzing the effect of a non-uniform state of stress

obtained from the finite element method can be post processed by

statistical reliability formulation accounted for size effect, resulting on

the prediction of the reliability of the structure.
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TENSILE TEST FOR ORTHorRoPIC ELASTIC

TIME1: 9*9O39*99

SO 51 5, uj4 5;5 5; 6

56 5,7 5 9 5 92 07 59 051,9 5", 571 5, 2

511 1 5,253 45, 199' B6 52 535455 15 5irSi

5354 5--556:5J75 ..85 9~q,9 95!67 555
L '

22172292; 12 2 253264272962222Zie?, 22

*% 1

3,A 4 56 7 1B 91 91 13191 11II ?

Figure 4.1 Element Numbers of Entire Specimen Mlodel at Notch
Region

444

. . . . . . . . . ..- *-**'**-:-*.----~*.. .



IV

ELEMENT iiO. L 1111 qta STGZ SIGN IGY

2159 U.31 23375 .01 ?U375 n.421 9E-1 1 -(f.5732bC-O3 0.124SE-02 -0.9071E-02
21 0 1~24375 o.012Q3?IS 3.41O0E-al -0.9v5PE-03 0 . I0qbE-02 -(6.02SUE-02

2110.5'I?435 .1243 75J.oZE0 0.5I-0 O.U2E-02-098E2
P162 D.1J22'375 0.0124337S O.SoSE-01 0.9514E-03 0.2385E-02 -0.10S.9E-01
2263 0.312u3 O.ula337S 3.37143E-n1 -O.14303E-03 0.12a5E.02 -4.1056E-01
2164 0. P I?Q 75 f.D'?U37S 0.399E-n -0.53b9f-03 0 . I II E-02 .(j.q?435E-Oa
PlbS O.JI?437S A4.01241375 0.5?11'E-01 fl.10RUIE-02 0.2307E-02 -0.1032E-01
2166 0.O'1?U375 0.01?"375, 0.52793V-01 O.IbSOE-02 0.2SS5AE-02 -0.t1IIE-02
Z167 O.D124~375 0.012WS37 0.321*E-01 0.1577RE-03 0.1391E-02 -0.1109E-01
2210 a.022?s3?5 0.0124335 '2. 3183E-04 I -. 7994E-04 f. I I 4E-02 -0.1022E-01
21 bQ 3.nl22'375 U .0124 375 0.4st4i'E-01 0. 1767E-02 0.2395E-02 -0.1072E-01
2170 0.012437S 0.0120375 J.'st'2E-01 0.ZS12E-012 0.2722E-02 -0.1159E-01
2171 0.114375 U.0124'375 3.2b14IE-01 0.134I6E-02 0.1551E-02 -0.12143E-01
217 1.112a7 .t4~~~56-4 O.602E-03 0.1222E-02 -0.2055E-01
273 .27 0.012 kk 375 01.663E- 0.2621E-02 0.24s1BE-02 -0.1070E-01

2174 0.0124e37S 0.612437S 0.37351Gl 0.3707E-02 02.2490E-02 -0.11435E-0t

217 4.147 8.147 0.0-331@ 6.2703E-02 0.11474E-:02 01IE1
c1

7
7 i..2l 7 IJ5 1 .? 4'3 7 5 0.3hFi63-OZ C.23h2fE02 -O.Q772E-02

2178 U .012 a 3 75 0.01241~75 O.2lhlE-61 0.57b2E-02 0.3176E-02 -0.10?bE-01 -

2170 0.4t2Q375 (s .0 1 ?43 S 0 .I I E -0 1 O.31SIE-02 0.2536E-02 -0.9374E-02
21110 G.31?4375 0.012'J175 1.9793E-32 0.3253E-42 0.1721E-02 -ts.8887E-02
2151 O.Z1121375 0.0124~375 0.3233E-01 f.1517Eft3 0.1193E-42 -0.5810E-02
2152 (1.,)1243375 U.0124375 0.3255E-l2 0.qb73E('3 0.1328E-02 -0.o219E-02
2IqS C.3124375 0.01214375 3.2279E-01 -0. 542 E - 0 A 0.7775E-03 -O.oIl2E-02
2150a D014243375 0.012"375 1.22S7E-01 -0.3916E-03 fl.b'albE-03 -u,.S70E-02
2255 0.u12~375 0.0124337S f.2776E-l1 0.053%E-03 0.1160E-02 -0.5691E-02
Z121a li.01243375 11.01204375 0.2A03E-01 05.5332E-43 0.132iaE-02 -0.608SE-02
21q7 D.fl125375 0.02243375 085.f2 0.3U26b-'43 0.74315E-03 -0.595()E-02
21P8 U.)1?43375 0.C4124175 3.10332E-.11 0.7bASE-04 O.o273E-.03 -0.5552E-02
2149 D.0Ia375 C).0120375 ).22'JE-01 0.520SE-03 0.1130E-02 -0.5371E-02
2110 1.312,375 0.02243375 0.7279E-01 0.12436E-02 0.13143E-02 -0.573SE-02
2111 2. UI ?LI375 0.01,'i375 0.14314E-01 0.7h15E.O3 0.F2oSE-03 -0.5573E-02
2112 1 . 1?11171; 1.012cJS75 5.13'44E-01 f.333:?E-03 O.b'32SE-03 -fl.S2u7E-02
21:0 '.112437's r,.0 1 2U375 U . I uftF-() 0.1214JE-42 .I092E-02 -0.4&7USE-02
Z2~ I ; .j12'i375. - .012',43 7S 03.1641E-01 0.1719-42 0 . I300E 02 -C. S65E-02
210S 1.c512C375 U.01e4375 n~~bE0 0.1300E-02 0.874sbE-03 -O.43867E-02
22156 r. 12(3715 0.0I2U137S 0.595tS-02 0.85SE-l3 O.6675E-l3 -Q4'9E-02
2Q7. 0.I Ia37 5 0 .0 1 Za3375S 0 . 10 6E -01 0 .1590 E- A 2 0 10 10 E- 02 -U.356SE-02

2 1:4 r .07075 ').02243375 3.iO14E-l 0 . I70SE-02 0 1 O62E-02 -0.3P53E-02
2';1 '49n. I ?'S375 0.01214375 1 .3 42,4E - .2 0 . I326E-02 f.b82SE-03 -0.31' 3E-02
2200 J. Il? 43 75 0 .0 1a3 75S 0.333SE-n2 .0.12I2E-02 O.t,313F-03 -0.3 578F-02
a2o I I ?CI3 75 0 .0 2'1375 0.16243E-01 0.7671E-04 0.5890E-03 -0.1SIE-12
2202 0 . I ?'j 75 1 'I12L$3 75 3.Ib6a5E-11 (1.3nIOE-03 0. 7 120F -0 3 -0.2152E-02
22(3 11.Q)2u'375 U.ul2C*375 .0. t-9S9E-32 -0.27343E-03 0 . I756E -0 3 -0.20L4SE-02
22014 1 U'?U 57 S ().012?37S 0. t)I&ABE -n2 -n.054SE-l3 O.5bE-4 -0.tbUOE-02
22'2S G I ?a5 75 0 .112a 37 IS .12169--O2 0.2059E-03 0.5387E-03 -0.15795E-02
22'lo O.02?t375 U.01;'u375 0.1231E-fit 0.438Q9'E-03 0.bZ143E-03 -0.19b2E-02
2217 n f1 ?437S 0.012417S 0 .32e AE-02 -0.?ObOE-04 0 . I I9E-03 -0.1412E-02
2218 0 .a2124 3375 0.012375 ).3126E-02 -0.2137E-03 u.2817E-Ou -O.152BE-02
22'nQ 1 .11 ?3173 0.01214375 0.411)7E-02 O.'J03IE-O3 0.43?E3203 -0.1176E-02
2210 1.11?437i 11.01213S75 0.-267E-02 0.13E0 .53SIE-03 -0.1511E-02
2212 1.012U4375 a.u2243375 1.3035OF-03 0.Ib47;-03 0.851~E-04 -0.149EQ-02
222 9.912qS75 0 .j12 43 75 3.20J43E-f 3 f1.') 9E -1 -(1.3109F-05 -0.1113E-02
P2?13 O.CI1?u175 j.C12-1375 1.943271E-M2 0 . u 7 It0 F -3 n.33;7E-03 -0.u55QE.03
221 1). 51 17 3 0. 012 175 1."217F-A'2 0.17:11E-1 3 n.3357E-a3 -n.btq22E-03
2215 I.t1'i37 7 c -3.2I t#9-12 o.172SE-AS O3 11rl E -(I -0.727SE-3
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Figure 4.11 Stress Distribution Values of Half Specimen Model Based
on 1-Point Integration, where u' 0.00 1 at Right
Boundary Region
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Figure 4.13 Element Numbers of Entire Specimen Model at
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TABLE 4. 1

AVERAGE STRESS FOR HALF SPECIMEN MODEL WITH NOTCH

ELEMENT ,y 9Msi.

NUMBER WIDTH, IN. U': 0.001w U'= 0.004' U' 0.010

186 0.057000 0.009071 0.036280 0.0g0670
187 0.057000 0.009358 0.037420 0.090350
188 0.057000 0.009496 0.037970 0.094830
189 0.057000 0.009554 0.038190 0.095370
190 0.057000 I0.00,9750 0.038280 0.095570
195 0.024875 0.00758 0.035030 0.087550
200 0.024875 0.008491 0.033960 0.084860
205 0.024875 0.008179 0.032710 0.081700
210 0.024875 0.007840 0.031350 0.078260
215 0.024875 0.007500 0.029980 0.074810
220 0.024875 0.007195 0.028760 0.071720
225 0.024875 0.006968 0.027840 0.069400
230 0.024875 0.006855 0.027880 0.068220

PBA~r 0.008717 0.034850 0074

Average boundary stress
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TABLE 4. 2

AVERAGE STRESS FOR FULL SPECIMEN MODEL WITH NOTCH

ELEMENT l , Msi.

NUMBER WIDTH, IN. U, 0.01"

163, 166 0.095000 0.091560I
164, 167 0.095000 0.094940
165, 168 0.095000 0.095670W
171, 465 0.024875 0.087600
174, 468 0.024875 0.084860
177, 471 0.024875 0.081660
180, 474 0.024875 0.078170
183, 477 0.024875 0.074670
186, 480 0.024875 0.071540
189, 483 0.024875 0.069'200
192, 486 0.024875 0.068030

PBA~r 0.078025

Average boundary stress

58



A

TABLE 4.3-A

STATISTICAL DATA SUMMARY

FOR PLATE WITH NOTCH, oc = 10, 0.1, kc 0.001

MODEL HALF FULL

ST T U*:0.001" U':0.004" U':0.01" U'=0.010

PBAR 0.008717 0.034850 0.087045 0.087025 ?

0.030582 0.030749 0.031110 0.028880
OE,

TABLE 4. 3-B

STATISTICAL DATA SUMMARY

FOR PLATE WITH NOTCH, o = 20, $ 0.1, kc 0.0001

MODEL HALF FULL

U':0.001" U':0.004" U'=0.01" U':0.01"

PBAR' 0.008717 0.034850 0.087045 0.057025 -

0.029122 0.029298 0.029721 0.028826

Average boundary stress ,
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TABLE 4. 3-C

STATISTICAL DATA SUMMARY

FOR PLATE WITHOUT NOTCH, (x 10, 0.1, kc 0.001

DISPLACEENT U'=0.0010 U'=0.010

PBAR 0.009512 0.094910

OE 0.043948 0.043948

• iTABLE 4. 3-D

STATISTICAL DATA SUMMARY

FOR PLATE WITHOUT NOTCH, = 20, , = 0.1, kc = 0.0001

IST LIST U'=0.001m  U'=0.010

PBARN 0.009512 0.09491

0.051800 0.05180

Average boundary stress

-j,
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APPENDIX A

STATISTICAL STRUCTURAL RELIABILITY PROGRAM

C a*a Ah* A &_.. .. & a. *. ** a

C ct

C

C PROGRA1: RELIABILITY CALCULArTON OF PLATE MODEL BASED ON
C .

C LINEARIZE SIZE EFFECT, NONNIFORN UWIAXIAL STRESS.

C RELIAOLITY FOAMULATION IS EXPRESSED IN THE
C
C STANDOARD WELBULL FORK~
c
C DATA iNPUT: OUTPUT OF FINITE ELENMEIT CODE NAME I N[KEZ0

C

C
C
C VARIABLE: KC, MATERIAL CONSTANT FOR PLATE THAT IS
C
C SUBJECTED TO UNIFORM TENSILE STRESS. 10
C
C THIS CASE, ASSUME IN EACH ELEMENr THE
C
C LOCAL TENSILE STRESS 1 UJNIFORM.
C
C UETA:' SCALE PARAMETER FROM EXPERIMENTAL RESULT
C
C FROM SEVERAL NUMRERS Ov SAMPLE.
C
C ALPHA : SHAPE PARAIETER FROM ExPEPTMENTAL RESULT
C
C FROM SEVERAL NUMBERS OF SAM-LE.
C
C PBA..: AVERAGE STRESS ALONG SOUDAPY STDE OF THE

SC, -
C PLATE THAT SUBJECTED TO THE EXTERNAL FU'4CES.
C
C 1T MUST BE CALCULATEO SEPARATELY AFTER OBTAIniNG
C
C THE STRESS RESULTS FROM "NI'E20* PROGRAM.
C
C NE : NUMBER OF ELEMENTS OBTAiNING FROM MES4 GENERATOR
C
C PROGRAM NAME *MAZf" Wi4IC$ IS THE PROGRAm THAT
C
C CREATE AN INPUT FILE 70 BE USED IN "MIKE20D"
C
C PROGRM. ALSO BOUNDARY ELEMENT NUP46ERS CAN BE
C
C CREATED FROM *M'AZE" PROGRAM.
C
C

C
C

DOUBLE PRECISION F,FA,FF,P(lO@O),RA(IOOO),ETAA,
DIMENSTON xL 368 ,.W.38),SIGy.26)
REAL KC

* ~BYTE A(30) f.
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rYPE*.PENTER FILE CONTAINrNG sTasEsE DATA INPUT'
* REAO(56) A

5FORI4AT(30A1)
OPEN(UNIT=,, FILEzA. STATUS:OLDI) 

POPEN(UNITz-6, FILE=-SS.DAT', STATUS:'NEW')
WRITE(b01)

I FORMAT(3X.'D)ATA OUTPUT FOR LINEARIZE SIZE EFFECT
AUNIAXIAL TENSILE STRESS')
TYPE*P'ENTCR I FOR PLATE WITH NOTCH

* ~ OHERWISE FOR~ PLATE V41THOUT NOTC41
READ*.NC
rF(Nc.EQ.1, THEN

WRITE (6,2)
ELSE

WRITE(b.22)
END IF

2 FOR14AT(2Ox.IFOR PLATE WITi4 IOTCH'1
22 FORMAYV1SV,'FOO PLATE WtrI4OIIT NOTCH')TYPE*-'ENrER THE VALUE OF DISPLACEMqENT BOUNDARY CONDITION$

* READ * 4J
TYEENE FOR Er~rIRE SPEcrEm IMPUT

* OTiIERW13E FOR HALF SPECIMEN INPUT'
READ*.'NI
IF(MS.EQ.I) THEN

ELSE

END IF
23* FORMAT(43XP'ENTIRE SPECIMEN MODEL INPUT')A 4 FORMATrI6X,'HALF SPECIMEN MODEL INPUT')
3 FORMAT(7X,'WHERE THE OLSPLACEt4INT BOUNDARY CONDITION IS ',FS.4)

TYPE*, 'ENTER THE J(C VALUE'
READPKC
TYge*,'ENrER THE BETA VjALUE'
READhBETA
TYPE*,',EmrEA THE ALPHA VALUE'
READ. .ALPMA

* ALPHA22ALPHA4..
* FFmO.O

TYPE-,'tNTER -THE PBAR VALUE'
PEAD' ,PBAR 

-TrYPE-,'eNTER THE NUMBER OF ELEMENTS'
READ* NE

C
* C READ ELEMENT? LENGTH. WIDTH, ANO TENSrLE STRESS FROM INPUT FILE

C
C CALCULATE SBETAA WHICH IS BETA THAT CHANGED WITH GEOMETRY OF THE
C
C SPECIMEN mODEL AND CERTAIN LOADING BOUNDARY CONDITION Bur IT LS
C
C INDEPENDENT OF THE VALUE OF LOAD UNDER TH.E SAME BOUNDARY CONDITION.
C

DO 200 11,iNE
READr.4,20) XLkl)vxKWl)sI~r(Il
lF(SrGYI?).ct.o.o, THEN

**(StGyr)*ALP.A2)

FP=FF+F
ELSE
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-. w An -v - - -

END IF
2o COwrINUe

IF(NS.EQ.il THEN
FFZF

ELSE
FF:FFO?.O

END IF
FAXFF*(-1 /ALPIA2)*PSAR
BETAAZSETAa ( ALPI4A/ALPHA2)*PA
VINITE(6.10) KC

to FORm~7(ax,'Kc xl,FJ.S)
WRIrEC6.11) &ETA

t1 FORNAr(6X,.SETA 2'.F13-9)
WRITE(6,12) ALPHA

IR FQR"AYCSX,ILPHA zlFlS.3)
WRITE(b.13) PBAR

13 FORvAr(6x,'pBAR sl,F3.31

WRITE(b.15) AL.PIA2
15 FORqAF(4Xo'ALPNA2 zl,FI.3.8) *

WRItE(6,25) BETAA
TYPE*, flTERt THE FT9ST EXTERNAL LOAD'
READ*,P(l)
PTNC:P( 2)430. hh

C
C RELrABJLrr CALCULATION4 BASED ON LINEARIZE SIZE EFFECT.

D0 too j:~ljoo
RA(J:ODEX,..-PJ)/lSETAA) **ALPHA2)
VERIE(,0) T,P(j),RACJ)
PU. I1UP(3) *Plii

100 CONTINUE
20 F~ftPqT8)C2F±1.0,Ew2.l,
25 FORAA1'X,'BETAA :l,FI.8)
.30 FORMAr(9)I..y :,,JX.'P z,Fl3.8#.JX#RA 2',F13.8)

END



APPENDIX B

DATA ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h OUPTFRLNAIESZ FFC NAILTNIESRS

DATA OUTPUT OR LINEARI~ZE SIZE EFFECT UIAXIAL TENSILE STRESS
FOR PLATE 11fl4 NOTCH

WHERE rms DISPLACEMENT 8OUNODARV CONI~ION IS 0.001d
UALY SPECII4IN MO0DEL INPUT

0.$z4000000
ALPMA 200000
POAR 2 0.00671700

NE 2 4.8?
ALPtSA2 2 22.00000000

SeiAA 2 0.02912ZIZ
J a I p 0.0087t700) PA a 1.0000)Ofl
j 2 a ~0O000157 RA a 1.01000000

=1 I 3 P 0.009?9513 PA x 1.01000f000
j ' I p z .0095oIa7J RA 3 1 .O0000I0
j 5 P z 0.O947927 RA 1.00000000
j x 6 P2 0.0t016;A3 PA 3 1.00000000
J s 7 p z 0.010401t~4) RA 2 1.000'0000
J z A p = 0.0)(675197 RA x 1.00000000
J 9 P = )..01 114153 RA a 1.00000000
J 2 10 P 2 0.uj 1 3321;# RA a 1.00040on
J z it p 2 0.911522b7 PA a 1.0-00000 a
J = 12 p a O.)I11:?323 RA a 1.00l000fl
J 2 13 P 0.01220180) PA z 1.000001000
J a14 P = 0.112494137 PA a 0.99999999
j 2 15 p z 0.0l27AP93 RA 3 0.1999949
ja lb p = 3.01.30755c RA a 0.99949qq8

.= 17 P z 0.0lS3lb7 PA 3 0.949999Q6

J z 19 0.0I3'i56bs PA a 0.9;999994
J 9 3 0.0134.4720 PA = 0.9Q4Q9P9j
220 P z 0.01423777 p A % o.qPq9qo45

J = z 1 9 z 0.!)1452533 R A a 0.9;9Q9Q77
J 2 22 P = .OtQA1P90 PA a 0.9qPq9Qbs
J = 3 p~ z 0.915104u?7 PA x 0.9q909446
I :z ?14 P z .019'403415 4A x 0.949-)991A
j 3 23 z' q.n15sq!0j PA = d.QI;'AqM77
j ab 0.'lq;Atl? PA = 0.'9qq~l5
J 2 21 P = fl.tilj2lt73 RA : 0.9q9QQ725

Jz28 P : .Il,5023i) RA a 0.91)QqQ5()9
J zq P9 p z .0Ibl15?m7 RA 0.94C9Q9je,
.I = 30 0 = ).nlH714;43 RA 6 .9.409135,
j z 31 p = o.0 171 33o' 0.a 0.99QR747
j = 32 2 2 0.01772497 RA : 0.9?99819A
J z3.3 P z : O11 0t5 13 R A 3 0.9;9Q7423*.5
J= .34 = fl.01830370~ RA 0.91996336

J 49 P = 0.0lI354527 RA z 0.9qqaiIQ
J =3h = 0 ). 0 9! m5 A3 q A = 0.9091)2712
j S 7 P z 0.0191774nl 4A = 0.q9qA1)a.
I ss 39 P .() 14,'0 ?Q7 94a 0.9994AO.3
j 39 () a .0 114 5R93 QA a 0.109RO337

40a p ) o.02004 413 4A 0.9Q972Aqn
zJ a 0 0I 21) ;3 02lib 7 qA : 0.9190)2797

j z M2 0 a f. )'T3)3 !A a 0 .14 39 17 5
J S 11 ) 42 1 0 PA 0.1)" 50870

j 44 p p 2 1 .1 1u5 7 "JA z 0.9 0
O0b37

1 : 5 P 0 .i,1)ot5 06 z U.Q:3173722
J 4 6 J Z 1. 1.71 Q 9, PA : 0.919i3037$4
.j z 67 P z 0 .0 21)4 S7 RA -- 0.937730l
J1 = 418 P l .it2?373,iIt Pd 0.900c~Q7s5
J ap *.'I26420 PA a 0.135qn176 ..
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DATA OurpUT FOR LrNEARLZE SZZI EFrecr UWIA3 TEmsrLE STRESS
WNERE THE ()~L~eW OOUNOMfy COMOITION 15 0.0100

HAF PCIE MOEL INPUT
BETA 0.10g00ea0

ALPHA 2 0.00000000
PSAP. 2 0.06704500
mez 2

ALPP4A2 2 22.oooooeoo
SETAA a 0.02972093

j= I Pa 0-j0817o RA 2 1.ooooonooJa 2 P : 0.:lifl0757 PA = 1.00000000J 3 P 0.V302"3 RA 2 10000
j a p = 0.014%857A RA z 1.oOOonon
j 5 P a 1).01957427 RA 2 1.03000000
J x b p 2 0.01010,83 RA 2 1.00000000
j = 7 a 0.'10s60p0 P 2 1.0100000
j z P z O.J1075107 PA 2 1.00000000-J 2 P 2 .0110l4193 4A z .0000.

t)~ p a .01h13321U PA a 1.00000000
J 11 Pa 0.011%aa67 PA a 1.00000000
j 12 P a 0.9114132 3  RA a 1.00000000
j z is P 2 0.01220380 PA 2 1.00000000 ..j 2 4 p a 0.012q9%~37 RA a 0.999qqqqq
j z i5 0 -- O.01274493 RA a 0.q;4qqqqq
J 16 P 2 0.01317350 PA a 0p9qgqqqq
J2 17 P a .01336S07 PA 2 0.49999991
j z 5 is p 0.03f)956 PA a 0.q99qq9

6.1 2 9 P z 0 . 113 117b P t ?A a 0.94999Q90
J 2 Q 20 O 0.0132j3777 94 0.949q99Pi
I x t 21 a= 01:35 2 R3 3 Q Aa 0.94P449QBS
jz 22 P = 0 1 411 A a 0*q9q9q~q
J x 2 3 p 2 %). 1)1 S' )it7 R . 0.14pqqob~
J = 20 12 2 G.u 15,I0OU 3 RA 0,2QG4

.3 25 p -- 2 O15.390 b .1 PA 2 0.9,49P9g2t
J -- i6 0 0.0IA117 p A O.Q49968
J z2 7 P () . 1; 1 h71 f PA 0 0.9Pq~qq$2At
J z 2 P 0.flih5o?sn PA a 0.9~997141
J z 9 p 0 ~. U Iba5 207 14A = 0.Q4999620
j a 30 0 o.ni7:j43c&3 PA a .90qqq447J 31 = 1) .f)I17,js 11n PA m 0.99999200l
J z3? P= 0.01772457 RA = 0.qq 88418J 33 p a 0.01801513 PA z 0.99998553
J 23Q P 0.01830370 PA a 0.94907658
j 35 9 O.01P595?7 RA a D.9Q9q8Q
J 3b pz 0.31iRiA ,A3 q A a 0.99905343

J 37 P 0019 7 7 4 ( P A 2 0.999934134
J 35 P 0.0194so797 RA 2 0.1923j 39 P 0.0I975353 RA 2 0.Q9A7414j
J 00 p 2 0.02 104910 RA a .gPQQ$?75
j z 41 a 0.0) In3467 RA 2 09q62

JIc P2 0.020S3021 RA -- .9 0 96751M
j ( 13 p )*lf~~ A a 0.999558t7
j U4' P a 0.121?1137 fUA = 0.9194ot5a

J 4S P a 0.'i2 1 C;3 9 A a 0.4Q192mu
IJ t 2, 2ad 1 7 O I9 29, 0 P A a 0.9349357A
J 47 P 0.0l)?!14307 ;A a .Qqb54Q31.

0 4 p 90,)>37 !oS PA o.0ito=1
. 49 p Wit~2,,it 4 0 ."A?'11222
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DATA OUTPU.T FOR LTNEARIZE SIZE EFFEC1 UNIAXIA. TENSILE STRESS
FOR PLATE wiTH NOTCh

W14ERE THE DISPLACEMENr BOUWDARY coNDiTIoN IS 0.00'40
HALF SPECIMEN MODEL tNPUT

KC 0 .*QOiOOGQ

ALPHA 20.00000000
PBAR 0 .03'485000

ME 2482

ALPHA2 22.00000000

SETAA -- o3,,~ ~. W37 t 70 0 0A .oo0r000o0J 2 P o.)09007157 R A I .000ono00
J 2 P 2 i!J9?93t3 RA 2 1.0n000000

jz p z 0.()(,95 4A70 QA 2 1.u0000000
J x 5 P z .onQ47127 4A z 1.30000000
j= 6 p 2 0.01016483 RA 1.00000000
J z 7 &Z 0.1lJ6 4A1 0A 1.00010000

J A P= ofl11jT5d? RA 1 .O00Q0000
j z 9 p2 1.)1114113 RA 2 .UoOOOfooO
j 2 Inl p z .. 011332in RA z 1.01000000
J z 11 P z ).Illb2?bI RA z 1.U0oo0a00
j 12 p 2 .Jll~tS23 qA z 1.00000000 -

jz 11 z 0.jt 203A1 RA 2 1.000001000

J -- 1+ P 2 0.d1j2v157 RA = 0.9;qqQ9qq
J z 15 p 3.31274173S RA 0.394q9*999

j 2 b 2 0.1379 RA-9q~

J 17 z 0.01336507 RA z 0.9499Q0997
J 8 2 ..113vr~bfi QA x G*PPQ.q9Qq,

j z 9 Pz I *. )I 5:)?,l 7 PA0 oqqQ
j = ?a PZ q.)I4?3777 OA04 ~ qqql

J 2 ?I z 0.01-432531 RA = 0.9149qqmO)

j ? )..'i1~0 11 P~, A z fn. 9*Q90
Q(bq

J ?s P z 5 Q A 0Ij919Q495

J ?' P Z 1.015 ono l RA z 0.94949029

J z I4 00 pA 2 0PPqqlbq~

1,, P i 7 -452Q R A 2 0.0PQ999750

j j P )37IJ3 0 0.

J 31 P 2 v .1)17i3 iIl P A 0 .9"4890O3
j z 32 0 O .01172457 RA O .9099$'421

*J -- 33 = 2 ,.nitinists QA D.0QQQQ774o.)

J 2 341 11 A . 30 37Ci QA 2 0.9:;4Q6791
J = 35 P 0 0.1 AIS7 PA = 0.900q5'lou
j 32 5 P p ').jl~m53 RA z .94gP365
j1 z 17 P 2  0.9)19177u4) 0A = 0.PPQ9lIb7

j = 35 P O.flluuIj7Q7 4 A = 0 . q9p156a
j= %* P o.l1q155j3 RA = 0.P~qA2772
J n pA P 2 0.00,)11 9 A z 0.997t,~qA

J 2 s I P z 0. 121)3 3 307 P04 ) o9() t 710 5
j :1 P a .u~a)p3 qA 2 u.9qQ'17u

j zq z' 1. ').212137 0A z 0.9031qq,7

j2'15 p z 1.'l4O PA z 0.11P94357
2 sh 0 = )I05 wa = 0.9"~51375

A 7 81 = n . 11 01 047 P 2 0 . 9:3~1i I '1
J ma =A 0.)2237',o .44 -- D.P73IO7b
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DATA OUTPUT FOR LINZARXZE SYZE E7P6C-r UNIAXIAL TCN31LF $TRES$
FOR PLATE YITHOKT NOTCH4

Wwgm91tt .TAG PLACEENt BOUNDOARY cONO~lrlON 19 0.0416 N
EN4TIRE SPECIMEN MODEL IN4PUT

Kc a G.oooooa
BETA = O.10000000

ALPHA ZO2.0000000

PSAR- O.009sizoo
ME x200

ALPI4AZ a 29.00O00000
SETAA : 0.05t$0000 p.

.3 I p 2 1.01A7170 pa 1.00000000
j 2 P s 0.000757 RA z 1.00000000

J 3 P = 3.O 5 q A I. 0 001100 0

.3 4 LA % o.oqq5A7o RA 1.1000000~r

.3 5 P z 3. 1qq.A7j7 QA 1.00000000

b F) z q.(IbARi RA 1.00000000
a 7 P x 0.3l0U26040 RA 1.00000000

J a I) 0i.0 1079~ 097 A 1.0000000

.3 9 P 0.0I1'19451 -1A 1.110o0O6t00

a 10 Pj 0 .%)11 l 10 QA z i.000loooo

j 12 1 1.01IS2267 1A z 1.00000000

J m 12 p 0 .11191323 RA = 1.00000000

.3 13 cp_ 0.0122oss0 RA z 1.00000000

J 14h p 0.0124037 PA z 1.00000000

.3 is 25 p 3 .d12 7 R 93 CIAz 1.U0000900

j 16 lb .11 2 L.30 155,1 PA 2 .00anno00

j it p z 0.1133hb07 RA z 1.00000000
1 2 is A 0 . t)I3b5bh.i P A = I.0onI00 00

j = IQ p z 0.0l 44721 Ra2 1.00000A~00

j = o pO 1 3 .0177 7 PA 1.01000000

.3 ? I p 0.1A53 .A I1.01oloo00

j 2 p J 1 4. ~IA1O' P01 A I o.0oounoo4

j = ' 24 p .t~ zPi 0 53n( A 1.()0.000

J 5 5 P z 1 15 o00 ltl A z I . 00n1ofl OO(
J1 = 9 2 1.,115,Q3;4 1 APA = I . a0 0 ()0 1) 0

Sz 27 2 !.Slo?717 P I l. 0 0 U 0 90

.3 = 28 P IL bn R- Pa = I *0000(i0

.3 9 Pd = 1 L.110h9.000
J 30 P 0 .1 71U4 A:1 pa 1.0000.)00n

.3 .1 U 1 .- )17131-10 WA z I.0(owovi o tl
j 32 2 0,77,?197 4A z 2.0100000
J .33 61 = 0.oI o 1 31 WA z 1.00000000

.3 .34 p = 0.11:3S0570 PA = 1.0'J00000U

J = 313 P 0 0 1 )54!)27 q& I 1.00 0 ) 00

.3 2 31' P = ) 4illq%3 PA Z 1 onofoooo

3 = 37 0 2 l~ 771QTZA40 QA = I.no0no0oo

3 '38 p 0 . ') 1 71?7 pA 6 .000110)000

.3 39 P 3*f1lici 4A 2 .01000O0

.3 2 0 0 2 .~~)AIL PA 2 1.01000300
2 4. p U. '2iP67 RA z 1.01000O00

3 (.30 2 fl.1)l A I .0
0
0')0'1UJ

1 2Qf P 1 .,12121l 1 7 QA 1 .1l00'100
.32 5 p c 0 . 1 d ?3 PA I.000

J3 4A6 p = 1.1'?l 7q2_, PA q:-goq

.3 (L 7 .P .') 0 A 5 1)7 PA 0 4q
.2 S p5 l .o2217b P A 2 0A.QqfUQQ

J 9 R A'i','j ~" PA
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DATA OUTPUT FOR LINEARIZE SIZE EFFCCT UNIAXIAL imNSig. SRESS
FOR PLATE V41T HOUT 140OTCN

WHERE THE DISPLACEMENT 6OUMOARY CONDfLrOrN 19 0.0100
* Ewr~pE SPECIMEN MODEL INPUT

KC z 0.0001 G000
pSETA z 0.10000000

ALPHA =20l.0000@0000
PSARk z 0.09491000

NEz200
ALP,1A2 z 22.00000400
BETAA 6 .051190009

J I p = 'j.0kS71?'7I0 RA x .01000000
J 2 p P 0 .00q0~0797 PA a I .00Oonf~f

1 pz 0. A809 13 ;?A : 1:00:00000
j 'I 000195i7f QA 1.01000000

J 2 8 p a 0.0101681 RA 1 .00000000
j 7 P 2 G.0t0'Jh34 Ra 1.01000000
j z $ p 2 0.,11lJ753q7 RA I 11.)000

J2 9 P 2 3.011413 PA 2 1.0f010f0bno
j 2 In p = I.0113321-0 RA = 1.00000000~)
j 2 11 P -- 0.015b22b7 QA 2 1.r00000'j0
j z 12 p = 0.011'41323 PA z 1.0o000000
j z 13 iP 00IR203A~w RA z .0oiooouof
j = 30l P x 0.31228Q1137 PA a 1.00000000
J = 15 P z 0j.o12714'13 RA z 1 .on000000
j z b 1 P p 0.0130735n QA = 1.00000000
J 17 P 2 J.0 13 3ot)(7 RA z t.030000Ij0
j Is 0 : .)I5, PA z 1.90000000
.3: 19 p z 0.6 1 314 ?;,1 4A 2 1.01f0000
I z ?o P z 1.014?3777 ~A a l.0j30uo00
J z 21 P z ).-Jl'J24si Q A = 1.10000000
J z ? P = 3Jt1 -4 00) fk z 1.01000000

j 4 p0 z 2 .U15-Jr0f3 0 A 2 I .00m0)hJO

j 2b p z~ 12 0:) I CS i's I I .2A z I *030I0000f

J z ?a P z 03*)I9~3 I 4A = 1.0330000on

13 z ?Q- p = '.9 1 ):-.927 PA: 1.03000003
J 2 39 p n A*07tljkJ5 PA z 1.30000,041,
j z .31 a ifp 1 7-43i ):1 ' z l.ol0 oo00
j 3 2 o .1 7 7 2 97 QA I I.J0ljoll)
J 33 P 2 .,,iIgnl5I3 ZA 2 .olon0000
J2 34 P so 0.)Ml7o, RA 1 1.01000001
j 2 35 P z 1.'fl459S?7 PA l.01400Anuo
j 2 36 P z . 1R4%13 P QA I 1. 0 00 1100 0
j = : 37 p2 z . 1 0 1/J 7 P ) A I . () 10100)Uf
j2 3$4 p 2 o.in~'lf It I A z 1.10ol000
j2 39 7.tii'191 P2 1 .0100000
j 1 0) r 30 2 0 D L P A 1. U 0 nf) 00 0
j = II P 6 C.1>0 ill-,I qA z I .0 0n00 00
J z ad, W j'~'3J' A z I .1OUuoooo
j 43 ' ) . )~f~ b. A 2 1 A.) ?A0=,3,11 00u
J L 44 2 ) 0. 1> 15 7 QI 2 3) 0 10a0 0
.1 2c5 p 2 .tP21501 ?3 R A I 1.(101 n0 , -l

J M611 P 0 ? 1 ?715 IrO -7 0.Q:)glloqn
j z247 1 1A Q& o~e3-l7lPA o

j=18 P 2 .A273 q . . 0Q l)q0Qq

I 9 P z '0* -2q:i.. OA
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DATA OUTPUT FOR LINeAft1ZE SIZE EFFECT UtJIAXIAL TENSILE 9TRESS
FOR PATE WTHl NOTCh

WH4ERE THE DISPLACEMKNT BOUNDARVW CONO~tIOI IS 0.0100
ENTIRE SPECIM4EN MODEL INPUT

BETA 22 0.0a00000
ALPHIA 220.O000000O

PSAR 2 G.GB7OZ300
NE 592

ALPMA2 UZ.0000000
SETAA 0 .00z8ea62

j I p z 0.fl0871700 PA = 1.00000000-
j 2 P Ps 0.0,1900757 R A z 1. 000 flh ~v
J x 3 p s 0.00429ql3 RA a 1.000(10000
J a 'U Pa 0.104P5897n PA = 1.00000000
J a 5 P a 0.0094Q7;27 4A z .00000000
J 2 b p z O.01016163 QA z .000000
.1 a 7 P= 0 .010 413 14 n RA = 1.00000ooL
j a 8 p z 1.4 11 75,)Q7 UA s 1.0n000000O
ja 9 Pa 0.01 104153 RA x i.000nooon
j z 10 pz 0. Di 33?1 A PA 1 .09000000
j a 11 P 2 0.011b22h7 -7A 1.00000000

a 12 -- 0.01191323 0A z 1.0000'JO0O

J z IS 0 0.012?03blO PA z 0A.9qqrqo
2 a I i pz 1.6124q'137 PA 2 0.9;gQgq99

ja 15 P z 0 .0 2781191 WA z 0.9999Q9q
j -- b6 p = 0.)13075so RA G.9l99997

J z 17 P = 10f133obV PA 0.999Q95
j x 15 P = 0. 13 b5')3 0.4 0.9Pq9q9q2

1 ~ ~ ~ ~ ~ W f) .P P .I3M.. 2 q999QQ4R
J 2 0 P = .Ilu 23777 PA 2 O.qpqqqqqg
j 21 p P 0.0 1 I5213~ S CA = it qqqqTI
1 22 0j = Iit ) 1.IqIgI PA z n. 9fq)l

j = ~ P 7 0.r,1151tJ pl A I ~ Q'4Q
j z U )u 1 ) 0 19 J W) 03 zA ~j*9gQlq4
j 29 15 S 0*h' ) i 06A z ()0PQoPSIP

j ?6 o2njrai517 p A = 0.9Pqq:c6jb
j ? ~7 P - fl.Ilh,7173 PA = 0.9999qf33

2J 2 P t u.01 56.?3() QA = *SQQP7U
?14 p z ~ f,47 PA z fl*qP9qQ22

J = d PJ p 0.3 1 7a1 5;j 1 A -- .9lQQ8R7h
j z 31 z 0.01743110(1 PA a O.q9P99k373
j z 3? P = 1.0 17721457 PA 2 0.949176t)
J z.33 P z U.)1A0131 3 4A z 10.q9qh53
j z34 p z 0 . 11 k O 1) PA z 0 . f;9Q524 I
J z 35 p= 0.01450-)7 RA = 2 'q37

J a 3b P 2 .O)l4Qks,3 PA z 090053h
J = 37 P 0.019177-4 PA x 0.94Q~h75Q
J2 3A p 2 OaJI90;1i 4A = U.9qqA567
j z Q Po 2 1flUQ?5.,53 WA = 0.999744f35
j= 4n L 2 n 1 U ).a 1 ~ p A = 0090b44799

; AI IP .1 0*')j~ S P4 7 A z ,9)1(16

j IL2 n f.,) 2-, sn 23 0 A Z 9 q q310 1
j al~ 0 0.'0220 P A z .9 Q910 23 3
j 2 l pU P 2 .0 2 1 I IS7 W A l:KF1?
j 2 10 p .1.&5 s I ; w~5t? PA u.QR3
j L 2 zb P .02 17)25' -1 pA I O.3q77q 7 7

I z 41 0 .l 1)2?'' ~A O*q97 K - 7,

%
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DATA Ourpur FOR LTN4!AOIZE SIE E7f5fCT UM~IAXIA. TENSILE STRESS
Foit PLAT0 wiTh Idorcil

W14EAC fl4 DISPLACEM4ENT SOiMIOARI CONDITION tS 0.0010

SETA HALF SPECIMN MODEL rNpur

Kca 0.000000

ALPI4A = 0.0000000
FBAR 2 0.0087i700

ALPHAZ a t.00000000

OETAA 0.0365a169
J I P 2 0.,06.71700 RA 0.99999971
J 2 a Z O.uOQ'!0757 RA 2 .9q999957

J 2 z P .u,,9~R570 RA z 0.93999QtO
J = 5 P 2 0.01997027 RA z 0.99999@71
j x 2 = .0tf116;8 RA x 0.999q9RI7

.1 P 7 z 1.o't6qbw RA = 0.9997"a
j a A p z 0. 11)75097 OA s 099qQ
j z 9 P 2 -1.t) II41j13 PA z 0.0499qs95

J a 11 P 0.1OI152267 RA z2 .;qgq
.1 a 12 P 0. 0 1 132 3 RA a 0.99998779
.1 13 0 .31220380 RPA z O.9q998l3b9

ta P IQ p .nhpilQ'g37 PA = 0.99991837

J = 15 Z 0.1127RiQ3 PA 2 0.9999115nl
z ~ 0.01307i9O p A = 0.q9962b8

J z 17 P = 0.11133ob07 PA z O.94995tO2
la p = 0.0355so; RA a 0..99993712
1, P =' .).013;472A RA = 0.909Q1904*

j 20 v z 0.01423777 PA = 0.994632
1 I = 0.01,152433 0A = 0.9*Q8b7R7

j ?2 p 2 .otjaq359' PA 2 0.Q999A324*
? 3 p 2 qPH51lP/1l7 OA = 0.9Q978Ma7 -.-

?, p 9' .15401)3 P A 2 0.9*973M15

j ?s~4 p 1 .0l5'sqnbfl RA O.9qO6b732
j ?6 p 0.154Pl17 Pa 2 .9gq5853Q
?7 P 0 .01-,27173 P A 0.Q*9Q'IF53P

J 2 A 4.Olb5h23n PA a .99Q3b35Q
J 29 p 0 .I1 5 2.3 RA 0.99921595.
J z 30 P Z o.nI7IU3'I 4A 2 u.99903752
j = 31 P= I.6 1 V*r, 31'3(InlA PA 0.90892207
j 2z 32 p = 0.01772'157 RA 0.94-39t)4J3
J x 33 P = 0. 0 t801513 RA 0.99802553q

J = 3o p P .,1 Xt30 57-) PA 0 0.947 411349

J = 35 p = a I.iq ~.7 PA 0.917Pd0 131
J Z h 0 = : . 1Aj~ ! P- A 0.94to92b20
J = 37 Pz 11 .) 14 7 7,1" PiRA 2 0."P630956

jz 38 P % 1.1191t3717 PA 2 0.99558110
j z 54 P 2 0Q19)7 9 c3 ~A 2 0.91472362
j = Q(o 0 z 312npu4I RA z 0.99371t)59
j '41 p It. .f)3b7 ?A 0.99253675

j 4, 0 = 0*3* 5 3.,?; RA 2 0."1ll5800
.3 Q; P z ). 1), 4 P4 Q*9q9559)6 7

j32A Pu 2 *.0~22f37 -?A osq5976M13S

.3 0.5 P2 0.12150101 pa 0.94551291
J ab A p 1 1 71 25,115 PA 0.44300210
J a 7 P 3 2 )A*0P'3.)7 QPA 0 t 113
j Qo p P O.uP2 

7
1' P A 2 .97b7bi~q

,I '49 .12 0. 'I h 9A 7 2 212 1 c
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DATA OUTPUJT FOR LINEARIZ& SIZE EVF9C.T UMIAXIAL TENSILE Sl.RESS
FOR PL.ATE WITH NOTCH

WHEIRE THE DISPL.ACEMENT BOUNDARY CONO0ITI014 IS 0.0040%
HALF SPECIMEN MOOImLpur

KC a 0.04100000
SFTrA a *.10000000
ALP"A z 10.00040040
PSAR z 0.03'4850O

ALPMA 2 z11.00000000
SKtAA 2 0.0307L494r

J 2 1 p 0.019,71 lt)u RA z 0.9Q9999P73
j 7 .(TO51 PA 9 0.94999qbo
Jx 3 p 1 .0n9P29513 PA qqqf2
j a 4d P 0.0,45M47? P '! 1 Q ,.9 99915
jc 5 p 0.004q?.>7 RA a .-)0;99979~
J = 0 P J.~0016-83 QA4 0.99Q9982
J a 7 P z 1.010AoO'*i) PA 2 0.Q9990,760 P

.1 110.01075097 RA z u.9qQP66
j = 9 P 0.01104153 '44 fl*949q9s~

J 2 10 P 2 .01 133210 RA z 0.q9qqqS72
J 11 P 0.011622t7 PA = 0.999150
J I? p 0.01111323 RA 2 0.9Q9A5b

J a 13 P 2 0.01220S80 RA z 0.949Qg/473
j 2 14 Pz 0.0I120,;6w PA z 0.99997975
J = 11; P 0.01278'143 RA 2 0.91Q97331

16 lb P .u 130J731t qA O- .9-749b505
I? j7 P 0.01336607 RA z 0.9-9q5IJ5a

J 2 1 P 0OllStjb3 PA 2 0.9994111

J 2 1 31i P O.9J2u PRA 2 0.9992'1
Jx 20 p 3 ~.01u*23777 PA = .99QQ0290
j x 21 p f. 0 1 4 2 1i 3 QA z 0."Q9121 6 26
J = 2e P i). I*4R 1j490l RA = q.999A*307

J a 23 p 0.01510447 RA z 0.991.40190
J2 2*4 P 2 U.015,40015 RA 2 0.949751#13
j 225 p RA 0.0l1b6AR43P

J ?n 2~ p 0.019113117 QA 2 .q 951l7n
j V7 1 (;2 4.I,71 11 A4 : 0.451$wI)
J = 21 P 0 la 3,t2 3 1 A = 1) .910111) 197
j %2 9 p 2 0 . ( thi5/ -?t PA 2 0.99926573
J = 30 2 1 01 7 1'1 143 4A z ).90409ASA
J 31 p 3. -1 7 43 u:o p4 A z ). 99A9726
j2 3 Se ) 0.1) 1 771t57 qA 2 0.994b554,11~
Jz 33 P = ) U.OA151 Ph 1 OA .9983bbull
J z 34 = 0 .0153017t) RA z .94io~nfl
J z is P z 1).18 516 27 RA z 0.99760923
J = '56 P z 1*11A A PA 2 0.94712iflh
J = 3 7 0 2 1). 3lI 17 7 4 (1 PA 2 0.9455-4321
J a38 P z 0.104hTl-7 RA t 0.99536 111
j= 39 pa 0 .11I975:c I :A z o.993a5770
j Mo IO P U.02911t41') QA 2 0.1341J142")
j I 2 t1 3 .0,3:n? m A 7 .311)APO
j a4 '00'.'O 11I QA 0.99171hl9I
j a 54 p I . 12.11 1 l A % 2 .Iq42 tt
j = G4 P 2 0.02121 I 7 toA = 0.9"144.1573

J = 4iLS P 0.1linlcv6 10A =2 t2
j z 4b p 1 01 710 5I OA 2 9.9Rqu7235
J m 4*7 0 2 .02p"?46( 7 A 2 1.a 5512
J = 46 2 j . 1) ?S l -) 0. 7 4>2,32 1

: z'49 p d)'I)' 1 2 '.4~7 IS2 1 1'4

71 oi*4

.G1



4 DATA OUIrPUT FOR LINEARrZE $IZE EFFECT UIW!AXIAL TENSILE STRESS
roR PLATE WIT14 NOTC14

WKERtE ThU 01SPLAGIEMENI SOUNDARY CONDITON 13 0.0100
HALF SPECIMEN MOVEL rNPUT

KC = .04100000
-. ETA a 0.10000000

ALPiHA i*j.00000
PSAIL 0.06704800

ALPHA2 1 2.00000000
WEAA z 0.03111023

J a I p 2 0.00471700 RA 0.9Q499q77
J 2 2 P z .1)0900757 q& 0.94999qQ6
jz 3 P 2 .0aQ~9~ll QA s 0.P99Q9qq

* J a 'I P 0.0()9565~7% RA 6- O.Q999927
J 5 p = '.00947?27 RA x 0.9490Qq5
J z 6 p z .11016995 RA x 0.9QPq9R5I
j a 7 p z 0.0lO01604" PA x 0.99909791
J z 8 P 2 0.01075097 R4A 0.gqqo9710

j p 2 .01104'153 RA c 0.949~Q9601

j z 10 p z 0.0113321') PA z 0.999494
j 2 1. pa 0.011b2267 RA z 0.9949926t
j a 12 p x 0.01192323 PA 2 0.99Q900o
j z 13 p a 0.01220380l PA a 0.99998672

.1 z 8 p 2 0.012'1QQ37 PA z 0.99998239%
j is 23 p 0.012799 Q& 2 0.99997680

* j lb p 0 .01307550i RA x 0.9999b962
j 17 p a 0. J,13b&-.0 P A a 0.Q996045
J d j6 P 0.01 3656h3 RA z O.qqqqq~Ao
j J 19 p z 0 .0 Y)Q 720 RA 2 O.9*9q380A
J 20 pu z a .01423777 PA 0 .99901558
j = 0.01'452933 PA 0 .99qq9282

j 2 22 P z 0.0185IR90 RA a 0.9990P6M5
J z 23 P 2 0.01510447 R A 2 0.99Q42777
j z a a P 0 G. 015 isrr)()3 RA 0.0997R35ii
j 2 ?5 p 0.0l5b90oo) 0A z 0.99972912

J z ?t 0 a O.()15 9117 A z 0.919662ol
J = 27 P = )1b27 173 PA = 0 .9:si(q
jz 2f P 2 0.01h623(l PA z 0.99948180
j 2 2Q P z Rd1958 PAz 0.9q936159
J 2 .30 p z Al.0171u113 QA 2 0.44021627
j z t P1 p 0.017J3J0 RA = 0.99904122
j 32 p 0.01772457 PA 2 0.998!83100
J a '3 p = 0.018015t3 PA z 0.99957930
J z 34 p z 0.016330570 0 A z 0.99827883
J = 35 P a 0.01859627' PA z 0.94792117
J 2 36 p 2 0.flI9ASA3 PA z 0.997'29ba1
J z 37 P a 0.01917740 PA 2 0.9q99903
J 36 Pa p 0.01q46797 94 = 0.99640063
J 39s P Z U.019?5i53 PA 2 0.99570183
5 - (Lo p z fl.0200'a91 PA = 0.0Q98099
J z :1 a Q0A2ni3467 PA z 0.94391015
j z '? P = 0.0l20!)3323 PA = 0.

9
q279'28b

1 2 03 P = .. 02012100 PA a 0.94111838!)
j z 44 a a 0.021212.37 PA 0.9,L9QsAsr%
5 - 05 p = 1.12150(93 WJA 2 0.ql914824
12 4 0 0.12179250 PA z 0.99623822 C

j -- %I p 0.0?20e57 RA 2 0.9s376471
) z Lis P 0 .12V~73a QAi z 0.9410394lA

J = 9 a .P2?b4)' I A = 0.q778904c9 bI

.
I
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DATA OUrPVT Po.R LINEARIZ6 SIZE EFFECT UNIAXIA6 TIEWSLE sTREsS
FOR PLATE WITHI 140?n r

W14919 146 DISPLACEMT SOUNDARY coNomroN rs 0.01 00
ENTIR6 SPECIMEN NOOEL INPIJT .

ALPHA a2 l.0406

"aE 2592

ALPWA2 z t.00000000
BETAA 2 *.028es'978 e

.i x t p 2 0.008 110 In A 2 O~qgqq9Q43
J5 = 2 P 2 0.u0910757 PA 2 0*9Q999qt5
.5 x 3 p -- 0.00929413 RA 2 o.9q994m76
J a 16 P z 0.4)U958P70 RA a 0.9;Pqqi'2l
j a 5 P a 0.00947q2? RA 2 0.99QQ7'43
j 2 6 p z 0.01016485 PAL 2 O.999b3b
.a 7 P a 0.0)10GbJ10 PA 2 0.9994qoqn

.5 2 A a 0.0I10750197 RA 2 0.99999292

.5 a 9 p a 0.0II11153 PA a 0.999925

.5 a to P 2 0.01 i332in P A a 0.9999866A

.5 Z 11 P a 0.01IS2267 RA a 0.99998195
J z 1Q P a 0.0t111323 RA a 0.99997572
j 5 1.3 p 2 0.0122n380 PA * 0.99996715A
.5 x tJ P 2 0.0219'37 PA a 0.99995700
.5 1$ I' p 0 .012 i'l9 3 RA 2 0.99994334
J a 16 P z 0.01307350 RA -- 0.94QQ2581
.5 z i P7 p 0.01533b607 RA a 0.94990342
.5 p xA P 0.Ul3bbo3 PA a 0.999g7098
J 19 P a 0.013;01220 RA a 0.90Q8R3905
J5 20 p' P 0.01'123777 PA a 0.99979387
J z 21 p 2 0.0to52 33 P A a 0.99973733
J5 a 22 p 2 0.010'1119o RA a 0.999669
.5 z ?,S P 2 0.015I0O;u7 PA a ')*99qs791

1
Q

J5 2 2,1 0 0.015I100fli QA a 0.q9907153
J5 j 26 a 0.0l156956A' RA a 0.9;9SS960
j .5 ?b P z 0.0154h117 RA a fliq9 8 7
J5 z ?7 P = 0.01b271i73 RA a 3.9q5897f4
.5 2 P 0.fl1oib21) WA 2 0.9qq73513
.5 29 p 0-.01615287 RA a 0.99144181
I n JO p 0.017t4343 RA a 0.94008737
j at 2 I P 0.()17 % 34 0 PA a 0.947660a7
J5 3 2 P a .W172'457 PA a 0.9471'4793
5 x ,33 P z 0.01801i13 RA a 0.94bS3oa7
.5 34 p 3 0.01833057nl PA 0 .95840t5

.5 2 359 P z 0.015527 PA XX 0.99u93l50
J5 z 36~ 0 z 0.014nbA3 PA a 0.9438~9A29
J5 = 57 0 a '.0191?774 PA O .q9267590
J z S38 p 0.U19')bfqT PA a 0.99t23383
.5 z 39 P 0.01975453 P A a 0.99953721

%1 J z40 0 a '.0?01441I1 PA a 0.9875'460
J5= I1.1 P I a .1 139o ;a A a 0.01521671'
J5 2 42 P 0 .u1 ) 2~ ; PA a oq~q7
5 z 463 P U 00121,10 QA z 0.17933261
J z 60- p a 0. 021.4I-1l RA a 0.47565794

J = 9 P = 0.')2t501P3 04 z .9.Q714i1
.3 z 4I ;) z 0.021?92i-l PA z 0.1bb0897

= ? 2 1 nlOP4'30 7 RA -. 0.96083l39
=5 IL & p z I. .il>?l7 103 PA a n.93433317

.5 a 4 .I3
9

~ O.91168917h -
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bArA OuTpUr FOR LINIEARIZE SIZE EFFECT UNJAITA TENSILE STRESS
FOR PLATS I 1TNOUT MQTC14

VWERE THE DISPLAC&MEiNT GOUNDARY CONDITION 15 0.0010
FrrtRg VPECIMCM MOD0eL INPUT

KC a 0.001 00000
BETA 2 0.10000000

ALPHA % 1600000000
FSAR z .00951200

NE x 200
/ALPNA2 a 12.000000
BITAA z 0.04394003

j I P 1). 9 1.471 I)j Q4 1 .0900Ob0000
j 2 p 0.-)ti0oJ757 4A 3 .9Pqq99qP
J3 3 p s .1091M LPA 3 oq9q~ qo

'I a 0 O.Dq9i3l7' pa 2 o.919qqq
J 5 P a 0.0090 74P7 PA -- O.9Q99q9QA

j I px 0. 1 O *fj 0I~ of0 A z 0.90999Q97
j e P 2 0).01079197 QA z 0.901999')s
1 9 P 0.01104Q193 0A 2 O.9P9Qqqqq

j z1 to z O.OtIS320 RA z 0.9499qP9t
J 1 s al 0.41I162?67 RA a 0.94999,088

J 2 2 p a 0.01179I;23 RA 0.990a
.jz13 p 2 0.012203Mfl PA 22 0.9999qq79

J z ('1 0 2 .,)12191137 RA z G.9q999g724

J IS 15 p 0.u278'J93 RA a '.9P99Qqb3
J = 10 0.01307551# RA ~ 0Q905S
j z 17 n~3 f.0I3shbO7 q A z 0.Qg999Q37
J z -to ' 0.01355sh R 2 o.qQQQqqtq
J1 IQ 0 .,1374720i QA 2 v . q9QOqf96
j ,i) P 0.61,143777 10A 3 0.944q9abe
.3 z p j 3. 0I' 52 q3S P A ).q999q83()
J z 42 P a 3.1Ol4u1l9' PA 0.99999784

J 23 Z . 1 1~041P'7 Rd 0.99999727

j 25 P ~ .I56b) 9 A S 0.9q94571
j 20 P Z ).jt9)4hf7 PA S 0.99P994it
1 27 0 R)fl,77 A 0,999oq33b
j 2A P 0.01mib230 QA 3 .94PQQI7O
z ?9 0.01~4927 PA 2 0.99998980

J a30 1P 1 13 ti 33 P A a .9P99875Q -

J 31 St p ).11'13 10 RA z .*949p,8
J a 32 P 0 ~.-)1172997 RA 2 .9q99814
j 2 33 p 0 .0180153s DA -- 0.949q7749
J z 4 p 0 %.01357,1 P4 2 0.9*997273
j z 39 p qOnlpSyS7 PA 0.9499h7or
J z3h, 0 a !.OIR4R53 RA 0.91996031
j 3z ;7 P z 0.11q17740 4A 3 0.999P52S4
J z 38 p z n.o14,6797 4.t 2 0.994291
J 2 19 P = 0.0147SAS3 PA -- 0.gq4q3180
j = (to P 0.02n9'4110 PA z 0.9P)99A7'5
j a Il a 3.129!310 ;A z 0 .9 4440 su
J 42 (Ou t S.UI' ?'3 QA z 4. 9PPlI
j / 43 p 0.'~1p " PA)m- Q4 0.9040b~sq -.
j a 44 P 3 f.0'l111-37 PA 2 !)*.994022
j -- 15 p I 3. J2I154 143 C? a 0 . QPQsM (89~
J z (4 3 2 0 I ? r17')7 r, 1) 0 o.Qq77qlo1
J a 7 0 A *flP)3,;7 it S fl0 ( 37 09c

J 49 P) .4 J.P '2 CA D. 0.9lbh
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DATA OUTPUT~ FOR LIN4EARIZE SIZE EivCcr UNIAXIAL TI.!SILE STRESS
FORt PLATE WITHOUT NOTC14

WHERE THE DISPLACEMENT BOUNDARY coNOIrION IS 0.0100
GNTIRE SPCIM&N MODEL INPUT

14C a 0.00100000
BETA a 0.10000000

ALPHA a iO.*000000
PSAR x 0.0949100

N4E a 200
ALPIIA2 a 12.00000000

SIAA a 0.04394002
J a I P = 0.008170()l RA z a 0000
J a P s 0.1"00Oq757 QA a 0.94999499K
J 3 px 0.00'42"143 .1A z .qqqqq
j z 'I P .')tl9%.R7o RA z 0.94999099
1 5 0 2 0.109R7i27 PA a 0.9PQ9999
j 6 p a *0.Otf1ftPA RA 2 0*94Q9Qqq
J z 7 P a 4.()301J)l4 RA z 0.99Q~q97
J = 8 P a l.ilt(175fl97 PA = 0.00909995
J a 9 p 2 0.011:)419S RA 2 O.9qQqqQP

j 2 10 p 2 fl.1) 11 33a10 RA z 0.999q9qqt
J a 11 p 2 0.01lI2267 RA 2 0.9499998At
J 2 12 P 2 0.01191323 RA a 0.999q9Mq4
j 2 1 p 2 0.01229360 RA z 0.90994979
j z 14 p a fl.lip-92J31 RA z 09997
j a 15 p z 0.01a?!uq3 4A s o.9qqqqbi

J 2 to P 2 O.fl13075so RA z 0.99Q9Q54
J z 7 0 2 O.'JI33(2'n7 PA z 0.99999037
j 14 p P2 .0l3 bS~ S P)s RA 0.93qq9qIq
j 19 P 0 J.O 3 44 7;! P A 0 .9;;99806
J z '01 P z ).014 3777 PA x 2 *q9h
.1 2 1 p 2 0.01'AS2iss RA z o.Q~qq9"3
j p 1P P .0I15110 RA 0 qqq8
J z 23 P3 0.01510447 .1A 0 .9g99q727

?Q 29 = n .01530303 QA 2 3.94Q99657

J 26 ^ .01l5117 QA 2 *Pqq9q~o
J 27 P j.Jlb271 13 2A 0.~9;999336

j ?1 7 0 J,.OldS62111 4A 0 O9Q999?
J 2 29 p 0.0lo!5?q7 -1A z O.94999q
J 2 311 ;) ). 1171111115 4A z a1*Q;q.1.j75

j 2 31 Pz 0 O. 01I73 ', 14 A = O.P9qqqjgu~
j1 2 32 P x 0.11?72157 14A z 0.P99q8148
J 2 33 P = o.OI90I513 PfA X 0.qg99779P
j = 311 P O.U IA3 5 7) a A 0.9990P7273%
j J 31) P 1.0t1ilb?7 RA 0.99967u5
j z 36 P 0.014985AS PA z .94b3
J z .7 P R .IIa A a 0.9"Q95234
j = JR p 2 ).It10'4 0 707 Q& 2 .4Q29

j z 3q 0 Z 0.fll975 k, Q.A = a.qiqq3l~n
J3 40 pI P n ()po04;;jv 94 = 0.9199I875
I z 451 p 2 0. 21)3 5p)7 qA a f.94QQQ0343

j 3 P ? 1 2 'W'4 A qA 0 '.49465Q

32 UM 0 ?*(12 1 I 17 a )146 4)
12 45 21 o .~I.t,4 s A z 0.199R1189
j a U .0lh~ PA 2 0.09Q77941

J z 487 A O. 0> 1 A ) 7 R4A 1.11974a095
J1215 1.022 i7 lm; RA 0.9 %q~QI,

j 9



APPENDIX C

COMPUTER PROGRAMS FOR CONVERTING
FINITE ELEMENT (NIKE2D) PROGRAM OUTPUT TO BE

STATISTICAL RELIABILITY COMPUTER PROGRAM INPUT
C ,

C PROGRAM: CONVERT MTKE2D OUTPUT 1o BE 3TATISICAL INPUT
c
C FOR JPT. TNTE6RATION ENTIRE SPECIMEN 1400EL ONLY

C

C

DIMENSION XL(594L),XW(594).
BYTE A(30)
I'YPE*,ENTER FILE CONTAINING NIKEZD DATA OUTPUTS
READ (5,00) A

300 FORMAT(3OAI)
OPEN(UNrT:, FILE:A, STATUS:'OLO')
OPEN(UNIT=6, FILE:'CC.OAT', STATUS:=NEWI)WRIT! (6,SO)

NE:592
NP:NE/1O+..

00 100 "Z:1,18
WL(M):.1658334

100 CONTINUE
D0 101 H*19,36

XL(14):.09@5
%W(K):.095

10 CONTINUE
DO 102? =37,13a

XL(Mi):.02475
XW((M):.093

10Z CONTINUE
00 10.3 M=133,i5G

XL(M) :.0995

103 CONTINUE
0O 104 .41S1,I168

XL (m) :. 1656334
"XW(m)..095

iOu CONTINUE
DO 105 4:i169,200

XL():.1658334
XW(M):.02467S

105 CONTINUE
DO 106 N:20,210

lo CONTINUE
O0 107 4:217,23?

XW(M)=. 024S75

101 CONTINUE
DO 108 m:233,296

XL (14):.0996
XWM1:.O21,7S

lob CONTINUE
DO 109 M:297,316

76
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X(4():.02'497S
itu~ COPflNUE

* 00 tit Ns3i7..326

XW04) a.02487S

ill CONTINUE
DO J12 14:361.42a

XL(M) :.G2q87s

112 CONTINU1
DO 11.3 Mx42S, 456

XL(M)2.0995
XW(P4J .024875

13COMTINUE
DO 1t4 42457P4688C

WL. (A#)= 16S&334
xm(M)z.02487S '.

t I' CONTINUE
D0 I IS M:46*,S76

xL(M):.02q875

115 CONTINUJE
DO I1 I& N=37,592

XL (14) =.0248 5

00 13 721.10

zP(J.Eq.10) 'TNE
READ(5,45) slGY ,SIGZ, SI3(,S1(;YZ

ELSE
Rt:AO(5,35) SIGY,S1GZ,St1X,S1GYZ

END IF

PEAD(S.30) SIGY,SLGZ.S1GXSIr;YZ
GO TO 5S

WRITE(6,'40) M,XL(M) ,X34(A) .31CY,SIGZ,SIGX,SGYZ
is CONTINU

14I CONTINUE

56 WRIM6f,00) 14,XL(M),"v(I6,STY,SIGZ,SIGx.SIGYZ
30 FOP14ATf18X.LLLII.O)
35 FORMAT(Igjf,4EII.O.////)
441 FOftMATr(3%,L5.2Fl1.7,q.&it.4)

50 FORMAT(IX,.ELEMNr NO.',. .L,IO(,V,7X,'SIGY',8A.'SIGZ'

END
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C

C

01PEUSION1 XL0Vfff),WW(%flS)
SYTE A(JO)
TYPE.,'EN7ER FILE CONTALNING NIKE2i) OUTPttTO

READ(.S.300) A
SOO FOR14AT(30AnI

OPEN(UNlT:S, WILEZA. si&ruS:,0L3'
OPEN(UNIT:. FlLEz'SS.DAr', STATUSMINEW')
WPITE(b,50)

* NEx*82

Do Ila r421,100
XL(M)z.0497S

I no Comr7INUE
0O 101 02W,0220

XL(14)=.0Z4a7S
40002:.025300

101 CONTINUE
00O 10--211j,540

* U.(1M:.0I24375
* AW(14I:z. 055 000

102 C0ONT INot
DO jQ3 M=541.66~0

XL(14)2.02'.875

103 CQmNJU6
00 404M=4661,760

x("J.0LI*50
10'I CONTINUE.~85

00 IGS M=761,9Z0

'A T(14) :.0134375

DO 10~4b"92,I11
XL 041 --.02uWS

lob CONTINOE :QI~S-
00 107 P4:113, 1368

XW(M).O12'4375
107 C0N 1?7

0O it M=1369,1560

WL(M).024875

lom CON71NUE
0O 09o I54so,pi
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* AL~mI:.0497S
* XW0M'Ia. ol 43TS

109 C91NTINUE
00 Ito "21121,1896

XI(Mm=.012.573
X(W(M)z.012437S

110 CONTINUE
00 111 14=1897,1929

XL 0M) c.01 2437S
XW(M)z.01f24375

III CONTINUE
00 10 IzI,NP ..

00 is 3xi,10
00 20 (:1,4.

IF(M.NE.NFA) THEN
IF(K-EQ.41 THEN

IF(J.Eq.10) THEN.
REA0(5.4S) SIGY,SIGZSIGX,SIGYZ

ELSE
READ(5*35) STGY#SIGZoSICX,SIGYZ

END IF
ELSE

READ(3,30) S16'f,SIGZ,SIGX,SIGrt
END IF

ELSE
REAO(S.30) SIDYS1GZ,STGX,STGYZ
GO To 55

ENO IF
WRITEC6,40i 4 PXL (14 , XW (M) ,SICGYI.S TOZ, S IGX, 31GY Z

20 CONTINUE
I S CONTINUE
10 CONTINUE
55 WRITE(6,40i M.XL(M),XWd(N'.SIGY,SIGz,SrCX,SrGYz
.30 fOAl4AT±8aK,4EiI.0)
.35 FORMAT(m8,4mlIag.)
44 F0RMAT(3x,r5,2PiI .7.4El2.4)
uS FQRMAT(18X,4E~i.0,//////)
50 FOR1MAT(IX,KLEMENrN..~,P0,W.E'IYX.~~

STOP
END
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C

C VIIOGRAI: CONVERT KIKEZV OUTPUT TO BE grATIS-TYCAL LOOPUT
C
C FOR JPT. INTEGRATION H4ALF SPECIMEN MODEL ONLY
C

DIMENSION XL(+0a) 1XW(41f2)
* BYTE A(40)

TYPE',IFILE CONTAINING NZIKE20 DATA OuruT
READ(S*500) A

500 FORPATG3OAI
OGFN(U4tT:S., FILEzA. STAIUS=SOLOI)
0P1(N10"rz6 FILWO&BDAT'r STATIJ53NEW')
WRITE(E,,SO)

DO 100 P4:1,.5
X1.002.0996

5' 100 CONTINUE.50
00 101 #4:e6.56

*X 04()x. 04973
XW(M)=.097

101 CONTINUE
00 1 a 4256. 13S

XL f1) m. 02 48975

102 CONTINUE
0>0 103 mzI36.t6S

XL (MI S 0.,75

Xw 04) --.0 570
103 CONTrINUE

DO IQ& 14=166, 190

w(m) 2. 0670
104* CONTINUE

00 105 f4:191,230

XL(MI:.0497
YWM =.021#873

l05 COiWTIN4JE

EL (N c:.0475
00 om14234Z,3905

68 CONTINUE

to 109' 142391,30
XL (M) =.093
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109 CONTINUE

IL(14 z. a 4875

XW(M)=.024875
I 10 CON4T~l4uE

00 ill 14=475,4182
2L(M)=.O0487S
XW0CM1: * 246S75

ill COMTINUE
D0 10 ta:i.Np

00 15 J21.0O

IF(%WE.NE) THEN
1F(.EQ.1O) THEN

gtEAO(SPQS) SIGY,SIGZ.,SIGX,31GYZ
ELSE

READC5,35) SIGY,31GOZ,SIG%,3IGYZ
END IF

ELSE
READ(SP30) SIGY.SIGZ,SIGXSIGYZ
40 TO 55

END0 IF
witZT(b.q4) MXLC#4) ,XW(M),SIGY,SIGZ,SXGX,SIGYZ

IS ONTINUE
10 CONTINUE

55 WRJITE(b.40) M, XL (M),00(4),PSrGY,3162, SIGX, 3tOY.

3FORN*T(16XJti1.O,////)
40O FOKI4Ar3X.5,2F11 .7,4E1i2.1
ig5 FORMAT(18X,4E41 .O.////////////)
50 FORMAT( I%, EL5EMENT N4O.',4X'L',OX,WV,7XSIGY,8K,'SIGZ'

Emb
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